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ABSTRACT
It is sometimes difficult to identify the noise sources and paths by simply measuring radiated noise from
hermetic shell of rotary compressor, since the propagated sound waves from noise sources are so complicatedly
mixed that the confirmation of frequency characteristics of individual noise source is not easy. Surface vibration
and sound intensity measurement are also applied to confirm the radiation pattern of an abnormal noise of a
hermetic rotary compressor. Modal analysis techniques are practically used in this paper to identify the noise
sources. Several experimental trials and analytical approaches are used to show that the high-level abnormal noise
has the unique frequency characteristic and arises from the suction accumulator. The results are useful clues to
reduce abnormal noise in the troublesome frequency band. Consequently, some structural modifications of the
accumulator result in the reduction of abnormal noise level by approximately 20 dB.

IN1RODUCTION
Several approaches have been carried out for the reduction of noise and vibration generated from operating
household air-conditioners. According to the development of noise reduction techniques for those parts, the
compressor has become the outstanding noise source of air-conditioner.
Recently, the signal processing technique allows the relative importance of known sources by correlation
analysisTl]. Although the method is a powerful analytical tool, it is generally considered as less appropriate to
source identification problem of complex structure like rotary compressor because of the strong correlation among
the various noise sources.
The object of this study is the hermetically sealed rotary compressor. A lot of previous experiments and
analyses have made it possible to predict the relationship between the internal behavior of refrigerant gas and
radiated noise from compressor shell[2). In order to provide the countermeasure of flow-induced noise of gas
pressure pulsation, an acoustic resonator and a muffling silencer are provided inside the flow passages in the
discharge side of compressor. In spite of the considerable noise reduction performance for wide frequency range,
gas pulsation suppression elements are not effective for sharp noise peaks caused by structural factors.
In some occasions, an abnormal noise is induced by the inferiority of roughness and clearance control or the
structural instability of assembled elements. The noise spectra measured from the test compressor show some acute
peaks at unprecedented frequencies near 2 kHz in a normal operating state.
Some source location techniques are applied in this paper to analyze and reduce the abnormal noise of rotary
compressor. Surface vibration and sound intensity measurement technique are used to verify the vibration and
noise pattern of the present state of test compressor. Modal testing is conducted in parallel with analytical
approaches using finite element method to investigate the vibrational characteristics of sub-structures in a sequence
of assembling schemes[3-5].
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SHELL VIBRATION AND SOUND INTENSITY
The physical manifestation of sound is a time-dependent pressure fluctuation around the static pressure in a
compressible fluid, such as air. These pressure fluctuations can be generated by a vibrating elastic structure. The
resultant pressure at a field point produced by vibrating sources is expressible as the integration of the responses to
the individual sources over the boundary surface.
First, the noise signals are measured using microphones at 300 mm from compressor shell so as to evaluate the
present noise level of test compressor. Dominant frequencies of noise spectrum are 640 Hz, 1152Hz, 1888Hz,
2048 Hz, 2848 Hz, 3360 Hz, and 3808 Hz. Among the noise frequencies, 2048 Hz noise component has an
abnormally high peak level and reveals a clear directivity pattern.
The surface velocity is obtained by integrating the acceleration signals measured at 77 points on an actually
operating compressor shell as shown in Figure 1. The surface velocity signals are compared with the noise signals
in order to understand the frequency characteristics. The surface velocity pattern of compressor shell is obtained at
vertical and circumferential locations on the compressor shell. The velocity pattern is plotted for overall level and
dominant peak levels of noise spectrum. Figure 2 shows the velocity pattern at 2048 Hz.
Comparison of the velocity patterns taken at the respective sectional locations indicates that the dominating
velocity level arises from the cylindrical surface in the vicinity of weld points between shell and cylinder. The
accumulator is attached to the same height of the weld points (vertical location F). The second largest velocity
level is generated from the wrapping surface of shell around the manifolds or cavities on the discharge side
(vertical location E). It can be interpreted from the above analysis that the major proportion of compressor noise
radiates from the vibrating surface around the weld points. The estimated source of vibration is the exciting force
transmitted through the compression elements during the discharge process of compressor operation.
Sound intensity measurement technique allows direct measurement of sound energy flow and direction,
thereby indicating the sound emission of sources. The sound intensity is the vector quantity so that it provides the
directivity pattern of radiated noise from compressor shell.
Test apparatus is set up using two microphones as shown in Figure 3 in order to measure the intensity of
radiated noise. The two microphones are arranged side by side in order that the signal detecting membrane of a
microphone may be set apart by 10 mm from another one. The separated space between two microphones is related
with frequency range of measured signal and in this test it is fitted for the compressor noise at the range of 0.5-6
kHz. The imaginary part of cross-spectral density function between noise signals from two microphones is used to
obtain the intensity vector.
The intensity of radiated noise is measured at a half of the compressor height and at 100 mm from compressor
surface shaped by the main shell and the accumulator. Preceding tests indicate that noise of compressor mainly
radiates in normal direction of shell surface. Therefore only the normal component of the intensity vector is
measured and analyzed. Most of the major frequencies may have relation with the velocity pattern of shell surface,
but all intensity patterns are not coincide with surface velocity patterns. That can be interpreted in connection with
cavity resonance in discharge side and the radiation efficiency of the respective vibration modes.
Among the patterns at dominant frequencies, the noise intensity pattern at 2048 Hz is noticeable as shown in
Figure 4. That intensity pattern shows that abnormally high and directive noise arises from the accumulator side.
So, it can be estimated that the source of abnormal noise is the accumulator.

MODAL TESTING AND FINITE ELEMENT ANALYSIS
Modal testing of sub-structures is performed to investigate the modal properties of compressor assembly. Five
cases of assembly model for modal testing are described in Figure 5. Case A represents the pump assembly that
works as compression elements. Regarding it as a base model, the other cases are composed in assembling order.
Although each model was examined, this paper just refers to the single case E including the accumulator. That is
because this study is mainly concerned about the abnormal noise reduction problem which may be related with the
accumulator.
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To make the source of abnormal noise clear, the investigation is focused upon modal parameters of the
accumulator. Modal testing of the accumulator is carried out by using the test compressor equipped with a thicker
shell. The thickness change of main shell brings about the natural frequency shift of compressor, while the
accumulator remains unchanged and its modal properties are not altered. Therefore, the frequency band of the
abnormal noise related with the accumulator can be extracted.
The noise signal analysis is conducted for the test compressor. Dominant peak of noise spectrum arises from
the accumulator side at 2048 Hz. As the accumulator is shielded by noise absorbing material, the peak level is
attenuated by SdB or more. In the respect of structural properties, the acceleration level is also considerable at the
frequency. However, the acceleration level on the shell around the weld position of suction pipe is relatively lower
than other sides. It clearly indicates that the source of abnormal noise is the accumulator.
Finite element method is used to construct a dynamic model and to predict vibrational characteristics of the
accumulator. Above all, reliable material properties, such as density and modulus of elasticity, are essential for
accurate modal analysis. Such properties are validated by comparing the calculated natural frequencies and mode
shapes with the measured values.
Figure 6 displays the finite element model of full assembly. The full model is designed to confirm the modal
parameters of the accumulator as it attached to compressor body. Good correlation between the analytical and
experimental result is achieved for the accumulator model of full assembly. The mode shapes at 975Hz and 2059
Hz are basically associated with the accumulator mode as shown in Figure 7. The natural mode at 2059 Hz is
adjacent to the dominant frequency of abnormal noise. These modeling techniques can be applied to analyze and
redesign a new accumulator with better acoustic performance.
Figure 8 and 9 respectively represent the measured and calculated mode shapes of the accumulator in element
state. The frequency of fltst mode little shifts up in comparison with the full assembly model. On comparing the
mode shapes, it was found that the experimental mode shape at 990 Hz is different from the analytical one; The
tested result represent the translation mode of the accumulator body, but the calculated mode shape is just formed
by the suction pipe motion. This result shows that the fltSt mode is a local mode of accumulator body affected by
the elastic displacement of another element. The reliable source of the translation mode is estimated as the bending
motion of the L-tube (the suction pipe) in the accumulator. The frequency of the second mode is 3170Hz. It is the
first mode of the accumulator body and has circumferential deformation shape. This mode has exactly matching
shape for both methods in element state. However, there is a notable difference between the frequencies obtained
by the element model and the assembly model. It can be estimated that the natural frequency of second mode is
moved by the change of boundary condition as it is attached to the compressor body.

MODIFICATION OF ACCUMULATOR
In order to precisely locate the source of the abnormal noise, the accumulator is examined in the state of
element divided by 3 parts, the L-tube, the upper tube, and main shell. Figure 10 shows the configuration of the
accumulator. The accumulator is welded to the compressor body through the L-tube and the one end of the L-tube
is connected to the cylinder of compression elements. It means that the L-tube is the transmission path of vibration
caused by the impact through compression elements during the discharge process.
The noise reduction for the accumulator can be achieved by isolating its shell from the source of excitation
using additional suspension system or by reducing its ability to radiate by reshaping it. For the effective reduction
of noise from the accumulator, two countermeasures are tried as shown in Figure 11. A circular L-tube holder is
adopted to support the L-tube and to stiffen the accumulator shell. Moreover, a vibration-proof rubber pad is
inserted between the accumulator and steel band so as to dissipate the vibration energy.
Natural mode variation of the accumulator is investigated for two cases corresponding to the location of the Ltube holder. The two cases are respectively the modified accumulators by installing the L-tube holder at the lower
and the upper part. It is proved that the fundamental modes of the modified accumulator are considerably shifted
up by more than 1 kHz and the L-tube holder is more effective as it is supporting the upper part of L-tube. After
the modification of the accumulator, it is achieved that the peak level of abnormal compressor noise near 2 kHz is
reduced by approximately 20 dB as shown in Figure 12.
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CONCLUSIONS
The abnormal noise induced by the structural inferiority of the suction accumulator of a rotary compressor
has been analyzed and reduced by using source identification techniques. The surface velocity and noise
intensity pattern are used to find that the source of abnormal noise is the accumulator. From the modal
parameters of the accumulator, it is proved that the source of excitation is the bending motion of the L·tube
attached in the accumulator. That is, the L·tube is the transmission path of vibrational impact generated during
the discharge process.
The noise reduction for the accumulator is tried by stiffening its shell using a circular L·tube holder and a
vibration·proof rubber pad inserted between the accumulator and steel band. After the modification, the peak
level of abnormal compressor noise near 2kHz is reduced by approximately 20 dB.
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Figure 1 Surface vibration measurement setup
and the measuring points

Figure 3 Sound intensity measurement setup
and the measuring points

Figure 2 Surface vibration pattern at 2048 Hz

Figure 4 Sound intensity pattern at 2048 Hz
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Case A
Pump assembly

CaseB
Pump assembly
+Rotor

CaseC
Pump assembly
+Motor
+Main shell

CaseD
Pump assembly
+Motor
+ Shell assembly

CaseE
Pump assembly
+Motor
+ Shell assembly
+Accumulator

Figure 5 Part assemblies of rotary compressor for modal testing and analysis
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Figure 6 Finite element model of full assembly

Figure 7 Mode shapes of the accumulator assembled
to the compressor body

359

L-tube hold£r

1st mode at 990Hz
(Translation 77Wde)

Rubber pad

2nd mode at 3170Hz
(Circumferential mode)

Figure 8 Mode shapes of the accumulator measured
by modal testing

Figure 11 The modified accumulator
(by L-tube holder and vibration·proof rubber pad)
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Figure 9 Mode shapes of the accumulator by FEM
Figure 12 Reduction of compressor noise by the
modification of the accumulator
Screen Assembly

Part 1

Part2

(dashed line: before, solid line: after)

Part3

Figure 10 Configuration of the accumulator
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